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Abstract 



PROBLEM TO BE SOLVED: To decrease medium noises in perpendicular magnetic recording. 
SOLUTION: The saturation magnetization Ms and residual magnetization Mr not subjected to diamagnetic field 
correction in the magnetization-magnetic field curve in the direction of the easy magnetization of the magnetic field 14 
of this magnetic recording medium satisfy the relation Mr/Ms>=10.8. The crystal magnetic anisotropy energy E of th 
magnetic field 14 is approximated by E&ap Ku1 sin<2> &theta +Ku2 sin<4> &theta +Ku3 sin<6> &theta (Ku1 , Ku2 , 
Ku3 : uniaxial magnetic anisotropy, &theta : the angle formed by spontaneous magnetization and the easy axis of the 
magnetic field). The magnetic torque L per unit volume measured under conditions under which the magnetization of 
the magnetic field 14 is nearly satd. has the uniaxial magnetic anisotropy described by L&ap -(Ku1 +Ku2 -2&pi 
Ms<2> ) sin2&theta +(Ku2 sin4&theta )/2. The relation Ku2 /(Ku1 +Ku2 )<=0.3 exists between Ku1 and Ku2 . This 
recorder uses such recording medium. 
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(57) 

Mr^Mr/MslO. 8 (DM&Zffitc U 0St»O«tr 
»»«**tt3i*^— Ei«, E^Kuis i n20+K 
U2B i n*fl+Ku3s in«fl"(Kui, Ku 2 , K 

(Kui + Ku2-2txMs2) s in26+ (Ku2si 
l, Ku2^CKu2/ (Kui + Ku2) ^0. 3/<££ 



0.10 




200 



eg 

100 fcl 
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Kul/Kul + Ku2 
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1 

fl<&«{b-«#l8ll*tC*3^T. ftftflftbMs 
:E£r*P;L&V>8!®8£fbM r #M r /M s ^ 0 . 8 <OH#. 

Bttfi^ieSMIM^^/^- E ^ E ^ K u i s i 
n2fl+Ku23 in4fl+Ku-3s in«fl (Kui, Ku 

2, Ku 3 :-iiM^ o : sz&mikbmm&om 

L^- (Kui+Ku 2 -2tiMs2) s i n 2 0 + (K 
U2S i n4 0) /2t?faizE$tt5-$4a^M*'tt^W 
"T^»M-C*>9, flftEKui, Ku 2 liKu 2 / (Kui + 

ku 2 ) ^o. 3Kzmi££mtc-t^kZftmb'tz>m 

£ Sr ^® <b -f 5 Stttt AEfttttt. 20 
[if *5 3 ] if #31 2 KE*t<0*L£«*E»«<*t£*5 

4 ] m#js i - 3 <dv *-r*ta» 1 «E*a>ftt 

m^Cr, Fe, Mo, V, Ta, Pt, Si, 
B, Ir, W, Hf, Nb, Ru, N i *5 «fcrMgr±«7c 

[if #31 5 ] l - 4 9lcEtt<oSitttftEAtt 

flc*c*5v^r, »E«ffiR(0*ii[«***rtt*«Ku (k 

u=Kui + Ku2) ££&ftU8£*bM s CD^t-Ku > 2 ti M 
s 2(OH«^« 9 £o - i -r 5*itt»*E««C 

fro 

»«E»ME(*H*3V^-c. aftE-<lfc**ttS*Kui*5j: 
ffKu2li, 8»E«ttR*c#-rsHJ*D«»HS:»kL-C 

-y 9#«>fc;fx*:Kui, Ku2iSJ»D«#<^a? 

IS (1/H) OB8«JC*3V>T. l/H=0*c*Mf LTt# 

7 ] if *i i - 6 *-r i mm.<om£ 

m*Ltetm#b. «TESii[«*E»«E<*«:»»r5fc* 
l»E*il[«*Efl^ft:Jc»UTf»«S:E» 

mb-r&miaimmm. ™ 
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[ HMtB 8 ] «*± Ict *■ «: * if ^ * s/ A^ft Krt 
SS-^^Xg^:, HuETJfiJi0>±Ui, Co 
U wtblCCr, Fe, Mo, V, Ta, Pt, Si, 
B, I r, W, Hf , Nb, Ru, N i *3j:tf#±«5c 

»©**»&at»L«d>*< bi> lmmcoytm&'aAstctt 

»^5>ft9. mb&£M**ttE^Btilft£iE^A£B 

Ms ^RBS#aES:iP*.ftV^aaBtfbMr^Mr/Ms 
^0. 8*>II8««:WU 0H3M^<attAtt«A;frtt=* 
/l/^r-E^E^Kuis i n20+Ku2s i n<*0+Ku 
3s i n6 0 (Kui, Ku2, Ku3:-tt**Mft, 

»9Sttl©Slfth;^L^Li?- (Kui + Ku 2 -2 
tcMs2) s i n 2 0-f (Ku2s i n 4 0) /'2 "CEJ6 

l, Ku 2 . SaC««»*tt^tSKu (Ku = Kui+K 
U2) SSit/ftftWbMs*, Ku 2 / (Kui+Ku 2 ) 
^0. 3, *5jlt^ Ku > 2 7rMs2£[f^tcij3S^-r5 

£ ^6*itt«*E»a*^»5t*fe 
[0 0 0 1 i 

<> E«wb^*«tt(c«nfef««*«*E»^»aft 
9KSiKeM»«^a«tKEMta^ni-«. 

[0 0 0 2] 

as, *fflttfcfflv*&ftT^*»*E* 
K*E»#<*flBfc¥fru:, fromm<DNmbN 

^EftSrtT^ffirtflSiEtEftS-S-C&^o IrtiMiBiC 
*5V^Tj»Efta««:|Bl±f EftS©S8ff^« 
•t»^i-*fc»lcE»j**^fcS«<«<o»H«{bB 

*fc«fba#^b**-rs«c»:y-Yxsr«^-r 

Sfctf>(c, «ttJR^«S{b«««i4S«Bfc5p^T{c|BrfiiS 

[0 0 0 3] IrtiSIESM^IttJg^ LTI^> Co 
Sr±5)c:#£U rtUCCr, Ta, Pt, Rh, P d , 
Ti, Ni, Nb, Hf^^ttL/^CotMI^ 

fflv^o c o^aWK«*(0^6coc**, <oo. i> 
#lRlK«fbS*tt£#*>. w<0»fb*«<**BBrt*lR»c 
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Mo', V, W, Pt, P dft^fc*iPLfc*m*fllV* 

[0004] mmhtcx ffirt8SftE»tc*3v^rat 

0>«t«flMfcB r t <0«S:/h$ < -t-5iftB**> 

[0 0 0 5] itt««E«Sratt, §2®fflE«:ffi{c 

WRftff £ < ft 9 Att&Eftft 4r«Mt3fl«Sfe 

*n»fcti^r^«A#*> ^ , 

te. fuELfcJ: 5 JcflSttJKojaptS * 2 o nmOTI-t^ 

E@(-it-<T^tt^i¥^ff< -c*. E»WbSr»*^» 
SittE»^J:9i|ftE»**S:lRj± 

iTS^fty^X£:«/>u K{<«0ttfcS£M«:£ttiB 
[0 0 0 6] 9CttftBft^^atttK & ttft, Co 

Sr^jStffrtU rtltCCr, Ta, Pt, Rh, Pd, 
Ti, Ni, Nb, Hf^^ttlfcCo^SlS^ 
fflv^tiSo 8ttt*BI*«J«-*-5Co-fr4fcH:, ^.t IT 30 

h c p«js<a$m*fljv^o co-&&»r«u rco»a 

tf>c«u <0 0. l >#ftf£ftf&MN*ttt>* 

* y >^tticj;0 ^ME^ufc^ 

#^E^S^S^ttS^^fS]_bL. M/^XW 
S*r««E»4*ttSr(6]±-r5fe«)K. ±E^Co^ 

[0 0 0 7] L*»Lft**fe, SGb/ i n2JL^±, #K 
10Gb/i n2«±oSiS^S«^E»Sr^?a"r'5(c 
«u lftE»*«oifii±coiife(c:w*»-g-(c^*ix5y>f 

tf, (1) ^ttfe J f-raco^^tSSf^?r/J>$<f 
W-CoCr ^£*<30#BH±C r IZ 
<I#f£-£<5*-?£. (2) y >?#xj£tl$:ffl'i® so 
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[0 0 0 81 

< U «*Eftbfci*w»«<c«K«3t4:»J«l-r«w 
«*t*i«y>fX»tti:E»Slft©ftjett*# 
U SK«SK»ES»c»SftSii[^E^tt:43j:t5 

[0 0 0 9 J 

I»B«:«»t5feftO#a] *»Wfc:^^-Ctt. £« 
±*cB£«»*tt«>*# ftttflK** b ft 

»«JtS:f+*'r5ri:»cJ:5«rEBW«:«*-r-5. "Tft 
**W«c«t5»li[«*Eft«(*Wt, £*±KiJBric 

ffifpBSfkM s i:K«JMijE«rlP*ftV>«[B«ftM r rt*M 
r/Ms^0. 80BM<r*-r&SKat4lEfttti*-eX> 
ot, WE«ttRtt. Kui, Ku2, Ku3^— tA^* 

tt^^c, o*e«mtt«ttRo*««i(oft-rAi:'r 
[fti] -earffl**u «ffiR^«<M««tfttfpu 

C«2] 7EttSn«-MSM^tt«r#t-«i»Mt-Cib 
"9. Kui, Ku2liKu2/ (Kui-hKu 2 ) ^0. 3 

[0 0 10] 

[$Cl ] E^Kuis in20+Ku2s i n« 0 +Ku 3 
s i n*B 

[%C2] L^f-(Kui + Ku2--27iMs2)s i n 2 0 
+ (Ku2s i n4 0)/2 

MrEsa:B«EAiCi^tt^ «K±*oft< <t * \m<om 

ttai tr ^ * /wtt u fzJ&vh z> <o t>m * t v \ 
loon] Mil, Coi±fi»iu ztiicc 

r, Fe, Mo, V, Ta, Pt, Si, B, Ir, 
W, Hf, Nb, Ru, N i*3itf*±«5c*tf>*a»& 

iitf*i5'>ft< it liS^S*^e>45^lift^ 

BM^iilKIMSSKu (Ku=Kui+K 
U2) fcttSUBYfcMs (DffllC Ku > 2 7rMs2tf)BHg 



(4) 
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[0012] mfE-to**i4^»K u i*d £ K u 2 tt, 
bti/hKui, Ku 2 bWhm ft <nm& (l/H) £>HH£ 

C r , Fe, Mo, V. T a, Pt, Si, B, I r, 
W, Hf, Nb, Ru, N i &£Xf*k±m7nm<0<Pfrb 

MlE^it^V ^®MM r r /M s ^ 0 . 8(£>fll 

fe^ffift:|iSfc9W««h/U^L^Lix- (Kui+K 
u2-2ttMs2) sin20+(Ku2sin40)/ 
2 (Kui, Ku 2 :huIS (ft 1 3 "0*« S ft 
i±3£ft, 0 : S58WtifllttB[^*ettii:0/j?i-A) "C 
Ei*£ftS-*M»«#l;frtt£;frU H&E-«i»*ttSft 
Kui, Ku2, IiI«S*ttS»Ku (Ku = Kui 
+ Ku 2 ) *J«tt/tt*l«-(kMs3ftS, Ku 2 / (Kui+K 30 
U2) ^0. 3. *5J:^ Ku>2 izMs*&Wa&ttlk& 

[0 0 14] 

*0»«S:RWt5 0 Hilt ^niaSKftEfti 
* l, E»W*ffl©«*^y K2, ««t^y K*r3£«?-*- 

7*-^Bj«iiiiK8<c^-c«rii*ns. ttfti^-f^^i 

[0 0 1 5] ttttUtt, Coti*»tLrft|CCr, 
F e , Mo, V, Ta, Pt, B, Ir,W, Hf, N 
b, Ru, NU fciO f #±ft5c*©4'**&atf*tfc* 



6 

it #8Sttfc L< ll»8ttOC o C r i , T i 

C r ^&fe6tM3w*Lf>f£P t , Ru, Ta, Mo, P 
d, V, Nb, Z rttifftJRflOLfch c pfltifi0)£ttJ| 
J8S, «8£hSIiJBSfc L < tt#ft»RTiW»*S i , G e ft 

[0 0 16]i*^yK2tt, *7-f^— . CC0±IC^ 
rt"b*tfc«*E»«» V'^a^y KoS«*sj:VEflkflr 

m&£ti%o BS«E»B*<0 h-7s^»ffi<&EftB8E0>SL 
ffl^ y Klio h ? y ^« J: 5 »^ i tf, Efth7;y 

[0017] 0 2 It ga^ftE»&#<a*if fcffi^W 

*<><z> s«i 1 cd±\c^ miTmm 12, 12 
t^® 1 3 , m&m 1 4 , «8ijr 1 5 zmikmm Litm 

il^tt^o *fc, 02 (b) l2 1®CQTi&;i£ffl^5 
t>c0Tfct)> S«l 1 OJilc. TifeS 1 2, ^tt® 1 
4. MMi 5*«|LfciS«:*t5. 
[0018JSS1U LTHt, S i Xy^m 
N i PMA 1 fcSV^*^ 

TSS 1 1^23 OtlcWLt, »ttJR(0»a«[S 

»^bft*SS:^4< ^ t>l^W±«®LTfflv>^5- t 

fiK^itShcp (^*«?B«iS) WiS^WWSrfflv^ 

T*itt#fc-JRttlCttTi, Ta, Ru, H 
f, Co, ft^fOh c pmmntt&i^&ftt Cft 
fcCr, V, WftifSr^JoUfcW^feftS^ttfijR^ 
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4 , &sbi 1 5 iMxmai u fco 

[0019] *36Wo-H16«^«E*Att. El 2 ( a ) 

JMt«GeJR*»64S!|iT*JBl 2«r»j*U ^£>-h 
KJRff2 0 nmtf)h c plgOCo-3 5 a t%Cr* 
Bttt^e»ftS»2T*lil 3«*U ttv*Ttt* 
3 0 nmtf>C o - 1 9 a t %C r - 1 0 a t %P t 10 
Wl4, & J: tfJRV 5 nm^-#y(iaSl 5* 
»J*Lfc. JSEftcAU^ ArifxE2mTorr, DCv 

[0 0 2 0] miTmm 1 2 £ ItfflV^GeBU, X 

B^KI*«^l§lWrJ:ixtf#*«W*ia^©*K— » 

Bfe.tt^BtttJKSffiSrjDs^m^Kaa (afm) -em^s 

b 1 0 nm»T^sp*ft»«l'Ca5>ofc 0 
[0 0 2 1] *«WW<fi(0|«(S«©J(Eft:Btt, El 2 
(a) U TH112, 13IW 

AtBIi:«1BHJ|«4 U IttRl 4 4 LtCo-1 5 a 
t %C r - 4 a t %T a g-gfrffll^fc. *3SWcD#Ltf>|g 
tt«0«E*Ctt:, 0 2 (a) (cBS^-r5Wffi«aSSr* 
U S« 1 1 ±KJRff 3 0 nmOh c ptgigcDT i - 1 
O a t %C r ^&Rd>&**#»Stttf>Sg 1 Tift® 1 2 
£:ff2/£U C^)±|:Rf 2 0 nm(Oh c pffi^cOC o~ 
3 5a t %C r **tt^4^bft5*2TilMI 1 3 30 
dct, *rcV^T^Jp3 0 nmOC o- 1 9 a t%C r ~ 1 
0 a t %P f&&fltt4JRl 4, *3«fctflgilC5 nm^i/ — 

2mTorr-C, DCv^ hny^/N° 7 ^ y 

mjimmm (afm) -c««ufc3©*, ^a^et^ie 

«*5j:t«SfK©fl»jm*Tftb 1 0nmHT<O?ffl4» 

[0022] ^nn^tt^MkM^IK^DM:. @2 

(a) m^-T5i^MI^£#U T»Jil2, 13^40 

mftckmctmm&tL, Muatco-i 

5 a t%C r -4 a t%T a £&SrJBt*fc 0 -hlS^ft 
A, B, C*5j:a«D*c*5tt5BSffi»W:. hcpiMt 

U -tofiK*irfi:«< 002 >*ffiass«ffi(cfia:^ia 

[0 0 2 3] KfflR^tf^flSttC r ^>T a iif^SJDl: 
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£ pi ±-r s ab*is«^«»«4:ffl v * itmtit&m * 4' -est 

£f*]±-?#5 0 B5IB#*»CT-ei^«:*E^aiS i 5 
tit, V^f iifcBUS nm*-#>«SrfflV^, r. 
ti:£WMB, S i #— h\ a^ts i „ ^ftyK 
«*-*>ftif*:«v^-cbJ:v\ 
[0 0 2 4] ifclc, BT©J:5^Lrik«ffl©l«»4rfli 
iiUfc 0 Jt»flJ<Dffltft:Ett\ g|2 (a) (Cflfc^-T 6©rB 
«jS4r*T U £S 1 1 ±.\Z.mW- 3 0 n mtf> hep 
Ti-10a t%Cr^A«^&*S*»att^JRlT 
*Wl2«r»j*U :^lCS»2 0nmOhcpM 
t^Co-3 5 a t%Cr^P>65*itt^5)4 
5*2T*»1 3*»J*Ufc. w^Tifegli, *'<?9 
]) >ym<OA r # l 5mT o r r 4iSv>^JE4 

fc 0 TiftJB<0±lC. »^J8S3 0nm(DCo-l9a 
t%C r - 1 0 a t%P t^&KttBt 1 4, *5«fctflRJ? 
5 nmM-/^y§lJgl 5«:»ritLfc. «*feJSl4 
te. Ar^^JBE2mTo r r^DC^^Foy^^y 
^y>^jfelcJ:5ff»Lfc 0 ««:Eli*5lt-5»2TllMi 
SiB«J:tfS19UMB%lff7mAMIM (AFM) 

thh 10 — 50 nmCOffiffl-e^ofCo 

[0 0 2 5] JfcttfflCDjHtffrFMc, 0 2 (b) 
$r®«i££^ U 1 1 ±tcmm 3 0 n m<D hcp« 
m<OT i - 1 0 a t%Cr^»f)/^^ B 0 tt^| 
lT1112eML, :^)±(:g»3 0nmOCo- 
19a t %C r - 1 0 a t%P t -&^«ttJR 1 4, 
t^Bf 5nm^-^yftaJ8i 54:Mlfc e THUS 
1 2*5j:t«Ki*fe]B8l 4«\ l/>fiXtAr^E2mTo 
r r ^)DCv^ Y*>X'*y9 V V ftgiL 

^F(c^»t5T«6S*B*5J:^KttJR*cla«:®^ 
(AFM) "CfcSLfctt*. *ffitf>fi{fca>i6 
Mfc£tffi«<0JS8Jte, T«W*ffi-Ctt:lOnmBT, 
KttJKSffi-Clil 0-2 5 nm-efcofc 0 

[0 0 2 6] Jt«ffl«Eft:E*5J:C5F^«ttJRl 412. V> 
•ftlbh c ptSMWt, ^S*fflK0 0 2>* 

e, ^ h- * * ^> -v Asft tc^tts l fcsWffi -e *> 5 r 4 a« x m m 
&<nm^ft&$;MW}&nm.mj3%\- (vsm) -eso^u 

f~o ittB^lii:«^S*ttKuii s calico £ 
h^Llc*ti-5«HB [«2] *>BBflto>e>. KttR^lfi 

/to 

[0 0 2 7] Kui, Ku2^tt5rMiCiEjSS{c:*^ 
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H) OB8«S:*«>fe 0 "T*to*>, Kui, Ku 2 «»l 
[00 2 8] T!E<0Sc 1 ±E**W«>ia6«fl!>«t«: 



[0 0 2 9J BmiEHU* y y K (h77^ 

*!2 M m. *t^fi0. 2/im) 4H£ffl U 



T\ A esollMN^EAitirmitsmio-o^ io <aj&£m<a£|tE) 30nmat, fflt#<0ffi»l¥£«H4 



::mc o c r^gf B (o< o o 2 Xnipfx^h 0 

^rfi&M^IB^ii (MFM : Magnetic Force Microscop 
e) MRU «»<Z>/>fX<oiB[Bgi:4*^F«BjaK^« 



^SO^LfCo flt»:y-f XN/Soli, «IIE®«S2 5 0 
k FC I -ea^Lfcy-f X«rfij»Eflk«aE (5kFC 

[0 0 3 01 

[^11 

















A (9 50 (deg.) 


2.3 


3.2 


2.3 


3.4 


4.8 


4.1 


Ms (emu / cc ) 


480 


460 


480 


460 


470 


.475 


He (Oe) 


2100 


1700 


2150 


3800 


2010 


1950 


Mr/ Ma 


0.95 


085 


0.96 


0.86 


075 


0.94 


Kui (erg/cc) 


2.2 a 10 6 


I.I x 10 6 


2.3 x 10 6 


1.2 x 10 6 


JJxlO 6 


1.5 x 10 6 


Ku2 (crg/cc) 


7x 10 5 


4x 10 3 


8x 10 3 


5 x 10 5 


1.0x10 6 


9* 10* 


Ku<=Kul + Ku2) 
( crg/cc) 


2.9 x 10 6 


1.5 x 10 6 


3.1 x 10 6 


1.7 x 10 6 


2.3 x I0 6 


2.4 x 10 6 


2icMs z (erg/cc) 


1.45 x 10 e 


J.33xlO 6 


1.45 x 10 6 


1.33 * 10 6 


1.39* 10 6 


1.42 x 10 6 


Ku2/Kul 4- Ku2 


0.24 


0.27 


0.26 


0.29 


0.43 


0.37 


*Jfi»]ffiE*>tt(n») 
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